Background. A 10-question screening scale of psychological distress and a six-question short-form scale embedded within the 10-question scale were developed for the redesigned US National Health Interview Survey (NHIS).
INTRODUCTION
Dimensional scales of non-specific psychological distress have been used in community epidemiological surveys since the end of World War II, beginning with the 20-item Health Opinion Survey in the Stirling County Study (MacMillan, 1957 ; Leighton, 1975) and the 22-item Langner Scale in the Midtown Manhattan Study (Langner, 1962 ; Srole et al. 1962) . Although originally used as first-stage screens to target respondents with broadly defined emotional problems for more in-depth clinical assessment, these dimensional scales came to be used without clinical follow-up in later surveys (Myers et al. 1975) . Controversy regarding the appropriate cut-point for case thresholds on these scales in community surveys (Seiler, 1973) led in later surveys to scale scores being reported primarily in dimensional terms (e.g. mean scores) rather than in terms of proportions of respondents screening positive (Pearlin et al. 1981) .
Dimensional scales continue to be widely used to screen for mental illness in primary care (Coyne et al. 2001) and to assess symptom severity and treatment effectiveness in clinical studies (Rush et al. 2000) . However, influenced by the widely published results of the Epidemiological Catchment Area Study, dimensional screening scales went out of vogue in community psychiatric epidemiology beginning in the early 1980s (Robins & Regier, 1991) . Fully structured research diagnostic interviews administered by lay interviewers have become the standard measures of psychopathology in community epidemiological surveys since that time. A number of such structured diagnostic interviews now exist, including the Diagnostic Interview Schedule (DIS) (Robins et al. 1981) , the Composite International Diagnostic Interview (CIDI) (Robins et al. 1988) , the PRIME-MD (Spitzer et al. 1994) ; and the Mini-International Neuropsychiatric Interview (MINI ; Sheehan et al. 1998) .
We now know, based on the use of fully structured diagnostic interviews in a number of large community epidemiological surveys, that up to half the general population meet criteria for one or more lifetime ICD or DSM disorders and up to one-fifth carry a DSM or ICD diagnosis at any one point in time (Kessler et al. 1994 ; Kessler & Frank, 1997) . Although the published reports of these high prevalence estimates were initially met with a good deal of scepticism, subsequent clinical reappraisal studies showed that they are accurate (Wittchen, 1994 ; Kessler et al. 1998) , but that many community cases have considerably less severe disorders than those of cases in treatment (Kessler et al. 2001) .
The finding that clinical severity is related to treatment is, of course, not surprising. However, given the high proportion of people in the population who meet criteria for a mental disorder in relation to the societal resources available for treatment, policy-orientated interpreters of the epidemiological evidence have called for (Regier et al. 2000) , and in some cases created (National Advisory Mental Health Council, 1993) , distinctions to be made between people with severe and less severe mental disorders in an effort to define medical necessity for policy planning purposes. For example, the US Substance Abuse and Mental Health Service Administration, which administers Block Grants to States to fund public mental health services for low-income people who are not otherwise insured, limits coverage to cases defined as having a serious mental illness (SMI). The criteria for SMI require not only a DSM diagnosis but also specified indicators of severity that characterize fewer than one-third of the people in the US population who meet criteria for a current DSM-III-R disorder .
Dimensional measures of non-specific psychological distress have come to take on new importance in the context of this movement to distinguish community cases based on severity rather than purely on diagnosis. The architects of the redesigned US National Health Interview Survey (NHIS), being aware of this fact, opted to include a short dimensional measure of nonspecific psychological distress rather than disorder-specific diagnostic measures in the core of the new NHIS interview. The ' core ' of the NHIS is the part of the interview that is administered to all respondents every year. Given the severe time constraints in the NHIS core, this dimensional measure was required to have no more than six to eight questions. Although a number of non-specific distress scales Screening scales of non-specific psychological distress exist and have been used for many years in community surveys (Gurin et al. 1960 ; Derogatis, 1983) , only a few of them are brief enough to meet this time requirement (Pearlin et al. 1981 ; Ware & Sherbourne, 1992) and none was developed using modern psychometric methods to maximize precision in the clinical range of the population distribution (van der Linden & Hambleton, 1997) . Based on these considerations, the decision was made to develop a new screening scale for use in the redesigned NHIS.
The conceptualization of this task relied importantly on the work of Dohrenwend and his colleagues Link & Dohrenwend, 1980) . Their review of screening scales of nonspecific psychological distress showed that these scales typically include questions about a heterogeneous set of cognitive, behavioural, emotional and psychophysiological symptoms that are elevated among people with a wide range of different mental disorders. However, despite this heterogeneous content, the vast majority of the symptoms in these scales have high factor loadings on a first principal factor. People with a wide range of mental disorders typically have high scores on this core dimension of non-specific distress. Based on this result, we sought to measure this core dimension of non-specific psychological distress in our new scale. Due to the fact that the developers of the NHIS were unsure about how much space they had available for this scale, we decided to develop both 10-question and 6-question versions, optimizing the precision of the scale by using modern psychometric methods to select the questions with the maximum precision in the clinical range of the scale. Based on the fact that no more than 10 %, and probably closer to 6 %, of the US population are estimated to meet criteria for serious mental illness in a given year , we decided at the onset to seek maximum precision in the 90th-99th percentile range of the general population distribution.
METHOD Data
Data are reported from five community surveys. The first two were pilot surveys used sequentially to develop the screening scales from a larger pool of questions. The third was a calibration survey in which the screening scales were administered along with clinical interviews. The last two were large government health surveys carried out in the US and Australia in which we cross-validated the pilot results.
The mail pilot survey
The first pilot survey was carried out in a nationally representative mail sample of the continental US that included oversamples of people with Hispanic surnames and of people living in zip codes with high concentrations of Blacks. A total of 1403 respondents ages 18 completed the questionnaire, for a response rate of 54n8 %. The methods and procedures of the mail pilot survey were approved by the Human Subjects Committee of the Institute for Social Research at the University of Michigan.
The telephone pilot survey A revised set of scale questions, based on analysis of the mail pilot survey, was administered to a nationally representative telephone sample of 1574 respondents ages 25 in the continental US as part of the pilot work for the MacArthur Foundation Midlife Development in the US (MIDUS) survey (Ryff et al. 2002) . The cooperation rate in households where we were able to make contact was 52n9 %, while the estimated response rate (assuming that numbers never contacted were eligible) was 40n4 %. Verbal informed consent was obtained before beginning the interviews. The methods and procedures of the telephone pilot survey were approved by the Human Subjects Committee of the Harvard Medical School.
The clinical reappraisal survey
Both a 10-question scale, which we refer to as the K10, and a 6-question short-form scale, which we refer to as the K6, were developed from the results of the pilot surveys using the methods of Item Response Theory (IRT) (Hambleton et al. 1991) . A clinical reappraisal survey of these scales was carried out in a twostage convenience sample. The first stage administered a brief telephone screening interview to a convenience sample of 1000 respondents ages 18 with listed phone numbers in the Boston Metropolitan Area. Verbal consent was obtained for this first-stage interview after informing respondents that they might also be invited to participate in a second stage in-person interview.
The second-stage interview was carried out face-to-face in the homes of a subsample of 155 first-stage respondents, oversampling those with perceived mental health problems. This interview administered the K10 followed by the 12-month version of the Structured Clinical Interview for DSM-IV (SCID) (First et al. 1997) . The purpose of this study was to determine whether the K10 is a useful screen for the US Substance Abuse and Mental Health Service Administration definition of 12-month SMI. This definition requires a 12-month DSM-IV disorder, along with a GAF score 60 for the worst month in that 12-month period. In order to map the K10 to this same time period, respondents in the second-stage interview were asked to answer the K10 questions for the 1 month during the past year when they had the most severe and persistent emotional distress rather than for the month before the interview. The second-stage interview data were weighted to match the joint distribution from the 1997 NHIS of age, sex, education, and a coarse four-category classification of scores on the 6-question scale. Written consent was obtained before beginning the interview. The methods and procedures of the clinical reappraisal survey were approved by the Human Subjects Committee of the Harvard Medical School.
The NHIS
The K6 was subsequently included in the Sample Adult (age 18) questionnaire in the 1997 (N l 36 116) and 1998 (N l 32 440) NHIS. The NHIS is an annual nationally representative face-toface household survey based on a multi-stage clustered area probability sample of the United States carried out by the US government. Blacks and Hispanics are oversampled. The response rate was 89n0 % in 1997 and 83n8 % in 1998 (National Center for Health Statistics, 2000 Statistics, a, 2000 . The NHIS Public Use data-tape was obtained and the data were weighted to approximate the Census distribution on the crossclassification of a range of sociodemographic variables. These data were analysed to crossvalidate the pilot IRT results.
The NSMHWB
The K10 was included in the 1997 NSMHWB (Andrews et al. 2001) . The NSMHWB was a nationally representative face-to-face survey of 10 641 households based on multi-stage clustered area probability sample of the Australian population. One member of each sample household aged 18 was randomly selected for interview. † The wording used in the studies reported here was ' … so sad that … '. This wording was subsequently changed to ' … so depressed that … ' to ensure a nesting with responses to question 1(c).
‡ Questions added in the telephone pilot survey. § Deleted after mail pilot survey. R A single question about being ashamed or guilty was used in the mail pilot survey. The questions were separated in the telephone pilot survey.
Written informed consent was obtained before beginning the interviews. The response rate was 78 %. The sample data were weighted to match the joint distribution of age and sex in the Australian national census. These data were analysed to cross-validate the pilot IRT results.
Measures
An initial pool of 612 questions from existing screening scales (Table 1 ) was reduced to 235 by discarding redundant and obviously unclear questions. This reduced set was sorted into content domains and rewritten in a format that asked respondents how often they experienced each symptom over a 30-day recall period. Because of their dominance in the item pool, further scale development focused on the 15 domains represented in the DSM-III-R diagnoses of major depression (MD) and generalized anxiety disorder (GAD) plus the positive affect domain. Following Converse & Presser (1986) , the questions in these domains were submitted to an expert advisory panel of survey researchers who were asked to rate each question for clarity of wording. Only questions consistently rated as being clear were retained. The resulting test item pool consisted of 45 questions (Table 2) . These questions were administered in the mail pilot survey using a four-category response scale (most of the time, some of the time, a little of the time, never). The mail pilot survey also assessed basic sociodemographic variables.
Based on the results of the mail pilot survey, the item pool was revised to retain 28 of the original 45 questions. In addition, one of the 28 questions (feeling ashamed or guilty) was split into two (feeling ashamed, feeling guilty) and three new questions were added to increase precision in the depressed mood (feeling hopeless) and vigilance (feeling angry, feeling resentful) domains. The resulting 32 questions were used in the telephone pilot survey. The response category ' all of the time ' was added in the telephone pilot survey in an effort to increase precision at the upper end of the distribution. The final K10 and K6 scales were generated from analysis of the telephone pilot survey. Only the questions in these scales were included in later phases of data collection.
Analysis
Evaluating dimensionality Analysis of the mail and telephone pilot surveys began by carrying out factor analyses of the four-category (mail survey) or five-category (telephone survey) variables based on matrices of Pearson correlations using the FACTOR procedure in SAS 8 (SAS Institute, 1999) . Parallel analyses based on matrices of polychoric correlations, which allow for non-linear monotonic relationships between pairs of variables, were also carried out but are not reported here because they yielded the same substantive results. After documenting the unidimensionality of the variable set with these initial factor analyses, we replicated the factor analyses at the level of the response categories within variables. This was done by converting responses into a series of either three (mail survey) or four (telephone survey) ordered dichotomies (e.g. 1 v. 2-4, 1-2 v. 3-4 and 1-3 v. 4 on the four-category response scale). Each of the dichotomies created in this way is referred to below as an ' item '. The 45 questions in the mail pilot survey generated 135 items (45i3), while the 32 questions in the telephone pilot survey generated 128 items (32i4). Tetrachoric correlation matrices were created from these items and factor analysed using the TESTFACT program (Scientific Software International, Inc., 1998) to select items for the unidimensional scale with high loadings (at least 0n4 in the mail survey and at least 0n5 in the telephone survey) on the first unrotated principal factor and low relative loadings on the second principal factor (a ratio of factor 1 to factor 2 loading of at least 2n0). The rationale for analysing the data at the item-level rather than at the variable-level is described in the next subsection.
Item response models
The BILOG-MG program (Scientific Software International, Inc., 1996) was used to estimate item response theory (IRT) models for items that passed the unidimensionality test. Unlike classical psychometric test theory models, IRT models allow the researcher to evaluate the contribution of each item to the sensitivity of the total scale in the severity range of the distribution that is most relevant for purposes of scale development. As noted in the introduction, in the present case this is the 90th-99th percentile range of the population distribution.
The IRT analysis was based on the conventional one-and two-parameter IRT logistic regression models for binary scale items (van der Linden & Hambleton, 1997) . The two-parameter model is given by :
The outcome variable in this model, P ij (TPD i ), is the probability that respondent i will endorse binary item j as a function of his or her underlying true score on the dimension of nonspecific psychological distress (TPD). The slope, a j , which we refer to as the sensitivity parameter, measures the steepness of the logistic curve at the point where the probability of endorsing item j is 0n5. A steep curve means that the item has strong discriminating ability at the point on the curve where it has maximum information value. The intercept, b j , which we refer to as the severity parameter, is the point on the TPD distribution at which the probability of endorsing item j is 0n5. The one-parameter model differs from the two-parameter model in that the sensitivity parameter is constrained to be constant across items.
In both the one-parameter and two-parameter models, all selected items, including those based on different cutpoints of the same question, were analysed as if they were independent dichotomies. Treating the information obtained at different points on the response scale in this fashion is a sensible way to combine information across the scale, just as we might combine distinct dichotomous questions that are sensitive at different degrees of severity. However, items based on the same question form a perfect Guttman scale and consequently are not independent. As we do not model this dependence, our procedure is not based on a full probability model. The likelihoods for these data under the IRT models might consequently be more precisely called pseudo-likelihoods. As a result, while the parameter estimates are meaningful, the standard errors of these estimates are biased downwards due to the dependence among related items.
Items considered for inclusion in the final scale were required to have standardized severity parameters of 0n8 (i.e. eight-tenths of a standard deviation above the mean on the TPD distribution) or greater in the mail pilot survey and 1n2-2n3 (i.e. the 90th-99th percentile range of the standardized distribution) in the telephone pilot survey. This requirement was imposed in order to select items that had maximum sensitivity in the target severity range. A lower minimum inclusion value was imposed in the mail pilot survey for two reasons. First, because of the low response rate in the mail pilot survey, we wanted to be liberal in bringing forward items for further testing in the subsequent telephone pilot survey. Secondly, we became aware in the course of analysing the mail pilot data that the response categories should be increased from four to five. We were consequently aware, in analysing the mail pilot data, that the slope for the highest response category in the data obtained from that survey would be disaggregated in later data collections. We also recognized that more basic changes in responding might occur when response options were increased. Because of these uncertainties, we wanted to err on the side of being over-inclusive in selecting items for further investigation.
The items selected for further analysis in the mail pilot survey were also required to have standardized sensitivity parameters of 1n0.
This requirement was imposed after carrying out preliminary analyses that showed the twoparameter model (i.e. a model that allow separate sensitivity parameters for each item) to provide a significantly better fit than the one-parameter model (i.e. a model that constrained the estimated sensitivity parameter to be constant across items). The selection of 1n0 as the minimum required sensitivity is conventional in the IRT literature.
Finally, all the items selected for further analysis in the mail pilot survey were required to have consistent (relative to other items) severity values across sociodemographic subsamples. This requirement was imposed to guarantee that scale scores have the same meaning in all major segments of society. This is a critical issue, based on previous research that has documented substantial subsample differences in severity for questions dealing with psychological distress. For example, Schaeffer (1988) showed that the IRT item severities for responses to the question ' How often did you cry ? ' are dramatically higher for men than women. This means that crying is an indicator of more severe distress among men than women. A distress scale that includes a question about frequency of crying will consequently overestimate the magnitude of sex differences in true distress.
The subset of items that fulfilled the above criteria was used to generate a maximum likelihood estimate of TPD (i.e. the estimate that has the highest likelihood of producing the respondent's observed pattern of item responses based on the parameter estimates in Equation (1)). Alternative scales to measure TPD made up of different subsets of items that fulfilled the above criteria were evaluated by using maximum likelihood to compute a graph known as the test information curve (TIC). Each point on the TIC is roughly equal to 1\[..(TPD)]#, where .. is the standard error of the estimate at that point on the scale distribution (Hambleton et al. 1991) . A high test information value (low standard error) in a particular range of the distribution means that changes in observed scores in that range are strongly related to changes in true TPD scores. The height and shape of the TIC can be changed by adding or subtracting items that differ in severity (to change the skew of the curve) and sensitivity (to change the height of the curve).
This exercise was carried out with the telephone pilot data to construct scales that had maximum height in the top 90th-99th percentile range of the population distribution. Even though questions selected for inclusion in the various versions of the scales were chosen primarily on the basis of having eligible items in the target severity range, the TIC curves that were constructed to compare the performance of the alternative versions used information for all items in selected questions that passed the test of having consistent severity values across sociodemographic subsamples. This was done because items can contribute to precision in the target range even when their severities are outside this range (Thissen & Wainer, 2001) .
It is important to note that IRT methods exist that would have allowed us to analyse the polychotomous responses to each of our scale questions as a single unit rather than as a set of ordered dichotomies (van der Linden & Hambleton, 1997) . However, these methods require that the slopes of the implicit ordered dichotomies are constrained to be equal within each variable (i.e. the four slopes of the ordered dichotomies made up of responses to one fivecategory variable are estimated but constrained to have a single value). Preliminary analysis of the mail pilot survey results showed that this assumption was violated. This conclusion was confirmed in subsequent analyses of the telephone pilot data, the NHIS data, and the NSMHWB data. As a result, the ordered dichotomy approach was used in analysis. This is also why the factor analyses described above were carried out at the item-level as well as at the variable-level.
The clinical reappraisal survey
The associations of estimated TPD scores with DSM-IV\SCID diagnoses were evaluated in the clinical reappraisal sample using Receiver Operating Characteristic (ROC) curve analysis (Hanley & McNeil, 1982) . ROC analysis displays the relationship between the sensitivity and (1-specificity) of each value of a dimensional screening scale in predicting a dichotomous clinical outcome. Two such outcomes were examined in our analysis : (a) a 12-month DSM-IV\SCID diagnosis of either an anxiety disorder, a mood disorder, or a nonaffective psychosis with a Global Assessment of Functioning (GAF) (Endicott et al. 1976 ) score in the range 0-70 ; and (b) a similar DSM-IV\SCID diagnosis with a GAF score in the range 0-50. The area under each ROC curve was calculated to evaluate the accuracy of the scales. This area can be interpreted as the probability that a randomly chosen case and a randomly chosen noncase would be correctly distinguished based on their screening scale scores.
Cross-validation in the NHIS and NSMHWB
The external validity of the pilot results was examined by re-estimating the IRT models in the NHIS and NSMHWB data. IRT parameters were examined to evaluate the severity, sensitivity and consistency of the severity of items. IRT test information curves for TPD were also compared to evaluate the relative sensitivities of the K10 and K6 in the target severity range. Finally, a score for each respondent was calculated by summing the item sensitivity parameters for each endorsed item. When the item parameters are fixed, as they would be when results in a benchmarking survey are used to define the metric of the scale in later surveys, this score is a sufficient statistic for the person parameter (TPD). This being the case, the summed sensitivity parameter score is a one-toone monotonic transformation of the estimated TPD, but is much easier to calculate. A figure showing the relationship between TPD and the summed sensitivity parameter scores was calculated to show this transformation.
RESULTS

The mail pilot survey
Dimensionality Principal axis factor analysis of a Pearson correlation matrix among the 45 questions included in the mail pilot survey found that the first unrotated principal factor had an eigenvalue of 15n7 compared to 2n1 for the second principal factor. All 45 questions had higher factor loadings on the first than second unrotated factor. In addition, tetrachoric factor analysis indicated that 106 of the 135 items made up from the 45 mail pilot survey questions had a factor loading of at least 0n4 on the first unrotated 
* Only items that passed the dimensionality test were evaluated for severity. Only items that passed the severity test were evaluated for sensitivity. All items were evaluated for consistency, but only those that also passed the sensitivity test are reported in this Table. principal factor (F1) and a F1\F2 ratio of at least 2n0. These items were considered to pass the unidimensionality test. Items in the eat, sleep, and positive affect domains were least likely to pass this test (Table 3) , with the positive affect domain completely eliminated because of failure to pass this test.
IRT analysis
One-parameter and two-parameter logistic models were estimated with the 106 items that passed the unidimensionality test. The twoparameter model provided a significantly better fit (χ# "!' l 973n9, P 0n001). Seventy-eight of the 106 items in the two-parameter model had severity values of 0n8 (Table 3) , 53 of which had sensitivity parameters of 1n0. Thirty-eight of these 53 items had severity parameters that were consistent (i.e. did not vary significantly at the 0n05 level, two-sided tests) across sociodemographic subsamples defined in terms of age, sex, race-ethnicity, or education. These 38 items came from 28 of the original survey questions. Only these 28 questions were carried forward into the subsequent telephone second pilot survey. The positive affect, eating, and sleep domains were entirely eliminated because of failing at least one of these tests.
The telephone pilot survey
Dimensionality Principal axis factor analysis of a Pearson correlation matrix among the 32 questions included in the mail pilot survey found that the first unrotated principal factor had an eigenvalue of 11n5 compared to 1n1 for the second principal factor. All 32 questions had higher factor loadings on the first than second unrotated factor. In addition, tetrachoric factor analysis indicated that 93 of the 128 items generated from the 32 questions passed the unidimensionality test using the criteria described in the Analysis section of this paper.
IRT analysis
One-parameter and two-parameter logistic models were estimated with the 93 items that passed the unidimensionality test. The twoparameter model provided a significantly better fit (χ# *$ l 607n8, P 0n001). Fifty-five of the 93 items in the two-parameter model had severity values in the 1n2-2n3 range (Table 4) , 41 of which had sensitivity parameters of 1n0. Thirty-four of these 41 items had severity parameters that were consistent across sociodemographic sub- 
* Only items that passed the dimensionality test were evaluated for severity. Only items that passed the severity test were evaluated for sensitivity. All items were evaluated for consistency, but only those that also passed the sensitivity test are reported in this Table. samples. These 34 came from 23 different questions. These 23 questions were the focus of subsequent scale construction efforts.
A TIC was generated for the scale that included not only these 34 most informative items, but all other items that passed the dimensionality, sensitivity, and consistency tests in the questions that generated the 23 most informative questions. These additional items were added because, as noted above in the section on analysis methods, they can contribute to precision in the target range even though their severities are outside this range. Decomposition was then used to generate a separate TIC for each logically possible 10-question and 6-question subscale of this larger scale, again using all eligible items in the questions to construct the TIC. The final K10 and K6 scales were selected based on inspection of these different TIC plots to maximize information in the top 90th-99th percentile range of the population distribution (Fig. 1) . As we suspected that a 10-question scale was too long for use in the NHIS, the questions included in the final K10 were selected to contain three ordered pairs (questions 1c-d, 5a-b and 11b-c in Table 2 ), so that respondents who responded ' never ' to the first question in the pair could be skipped over the second question. Given the distribution of responses in the pilot samples, we estimated that this use of ordered pairs would result in only eight of the 10 questions being administered to an average respondent in the general population. Both the K10 (a l 0n93) and the K6 (a l 0n89) had excellent internal consistency reliability (Cronbach's alpha) in the telephone pilot sample.
The clinical reappraisal survey ROC analysis, using the OUTROC option of the LOGISTIC procedure in SAS 8, was used to evaluate the ability of the two scales to discriminate between community cases and noncases of DSM-IV disorders (SAS Institute, 1999).
Respondents were classified as cases if they met criteria for a 12-month DSM-IV\SCID diagnosis of either an anxiety disorder, mood disorder, or non-affective psychosis and had a GAF score in the range 0-70. Separate ROC curves were estimated for standardized K10 and K6 scales. These standardized scales were generated using the maximum-likelihood estimate of TPD based on the IRT parameters from the telephone pilot survey. Both the K10 and K6 were found to have very good discrimination (Fig. 2) , with area under the curve of 0n876 for the K10 and 0n879 for the K6. A parallel ROC analysis to discriminate severe cases (GAF in the range 0-50) from all other community respondents found both scales to have excellent discrimination (Fig. 3) , with area under the curve 0n955 for the K10 and 0n950 for the K6.
The NHIS and NSMHWB surveys
The IRT analysis was replicated in the NHIS and NSMHWB. Total-sample parameter estimates and ranges of subsample estimates are presented in Table 5 . As shown there, all questions have at least one item with both severity and sensitivity parameters in the target range, while most of the questions have multiple items of this sort. It is noteworthy that significant variation can be seen in item sensitivities, justifying the use of a two-parameter IRT model. There is also significant within-question variation in item sensitivities for a number of questions, justifying the use of ordered dichotomies rather than polychotomies to estimate the IRT model. As in the telephone pilot survey, both the K10 (a l 0n92 in the NSMHWB) and the K6 (a l 0n92 in the NHIS and a l 0n89 in the NSMHWB) had excellent internal consistency reliability. More importantly, the TIC values in the true score range 1n2-2n3 were 25-50 for the K10 in the NSMHWB, 34-54 for the K6 in the NHIS, and 17-37 for the K6 in the NSMHWB (Fig. 1) . These values indicate that the precision of scale scores at the individual level is between 0n14 [i.e. Finally, severity parameters were found to be very similar across sociodemographic subsamples defined on the basis of age, sex, and educational attainment, with Pearson correlations of the severity parameters across subsamples in the range 0n76-0n99 (with a mean of 0n91) for the K10 and 0n98-0n99 for the K6.
Significance tests to evaluate subgroup variation in severity parameters were ignored because even extremely small differences are judged statistically significant in samples as large as the NSMHWB and especially the NHIS.
Scoring the scales
If the one-parameter model had fit, scoring the K10 and K6 would have required nothing more than summing the number of items endorsed, yielding scales with ranges of 0-40 (K10) and 0-24 (K6). However, scoring based on the twoparameter model is more complex, as optimal scaling requires the use of maximum-likelihood estimation. This is most easily implemented by using a standard IRT program, such as the BILOG-MG program used here, to estimate parameters and automatically generate maximum-likelihood scores for individuals. If a researcher wants to norm scores against a reference population, such as baseline values in the NHIS or NSMHWB that can be trended in subsequent surveys, the parameter estimates from the reference survey (e.g. the parameter estimates in Table 5 for the NHIS and NSMHWB) can be entered as start values in the IRT program and the number of iterations set to 
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* Sensitivity standard errors ranged from 0n02-0n2 with a mean of 0n08 and a median of 0n06 in the NSMHWB K10, from 0n02-0n3 with a mean of 0n1 and a median of 0n09 in the NSMHWB K6, and from 0n01-0n1 with a mean of 0n04 and a median of 0n03 in the NHIS K6.
† Severity standard errors ranged from 0n01-0n2 with a mean of 0n04 and a median of 0n03 in the NSMHWB K10, from 0n01-0n1 with a mean of 0n04 and a median of 0n03 in the NSMHWB K6, and from 0n004-0n03 with a mean of 0n01 and a median of 0n01 in the NHIS K6.
‡ The two-parameter IRT model was estimated in nine subsamples (sex, male, female ; years of education, 12, 12, 13-15, 16 ; age groups : 18-34, 35-54, 55) . The presented range reflects the minimum and maximum values of the coefficients in those subsamples.
§ Number in parentheses refers to question numbers listed in Table 2 . R This range is based on eight subsamples. The severity parameter could not be estimated in the education 13-15 subsample due to nonendorsement of the item by all respondents in the other subsamples.
zero to estimate maximum-likelihood person parameters of TPD.
As noted in the section on analysis methods, a simple alternative to maximum-likelihood estimation, assuming that item parameters estimated from a reference sample are being used to score data in a new sample, is to sum the item sensitivities generated from analysis of the reference sample across all endorsed items in the new sample. As this sum is the sufficient statistic for TPD, rank orderings based on the maximumlikelihood (ML) scores and the summed scores will be identical, although the two scores will be non-linearly related. This is illustrated in Fig. 4 , where we plot the associations between ML scores and scores based on summing the sensitivities of endorsed items in the NHIS and NSMHWB surveys. The rank-order correlations of all three curves are 1n0. A ' stairstep ' pattern can be seen in the curves. The reason for this, which can be derived mathematically from the likelihood equation, is that the summed score rises most sharply around points on the TPD distribution that correspond to the severity parameters for items with high sensitivities. This non-linearity is not a problem in working with the summed score rather than with the more computationally difficult ML score, as the metric of the ML score is not directly interpretable. Practical uses of the scores, furthermore, treat the scale non-linearity by classifying respondents in relation to population-normed cut-offs on clinical validators (as in the ROC analyses in Figs. 2 and 3 ). These uses are unaffected by the transformation. Based on these considerations, the summed scoring method is the one that should be used in practical applications. The relevant item ' weights ' to use in creating these summed scales are the severity scores in Table 5 .
DISCUSSION
We began with the goal of developing short screening scales of non-specific psychological distress that would be sensitive in the upper 90th-99th percentile range of the population distribution. This goal was achieved. The final K10 and K6 scales have excellent precision in the target range of the scale distribution as well as consistent levels of severity across sociodemographic subsamples. Furthermore, the scales discriminate with precision between community cases and non-cases of DSM-IV disorders. Principled methods exist to score the scales in such a way as to take account of differences in item sensitivities. Calibration methods also exist to translate scale scores into probabilities of various clinical outcomes based on the clinical reappraisal study in order to facilitate the interpretation of population trends.
Precision
Regarding precision of the scales, is it noteworthy that analyses not reported above showed that the Test Information Curves of the final K10 and K6 scales have considerably larger ratios of information in the 90th-99th percentile range versus other parts of the distribution than the TIC of a scale that includes all the questions in the original question pool. This is an important result because it means that the targeted selection of items using IRT methods yielded a more useful distribution of information in the scales than we would have achieved by using classical test theory methods such as selecting the questions with the highest factor loadings or those that entered into stepwise regressions aimed at explaining variance in a scale made up of all questions.
One would expect, based on this result, that comparative analysis would show the K10 and K6 to outperform previously developed screening scales of comparable length in discriminating DSM cases and non-cases. No comparisons of this sort can be made with the data presented here because the clinical reappraisal survey did not include any other screening scales. However, a separate analysis carried out in the NSMHWB showed that the K10 and K6 both significantly outperform the GHQ-12 in discriminating CIDI\ICD-10 cases of anxiety and mood disorders (Furukawa et al. 2002) .
The test information curves in the NSMHWB show that the K10 has between 20 % and 50 % more information than the K6 in the 1n2-2n3 severity range. Any researcher desiring optimal precision in this range should consequently prefer the K10 to the K6. However, given this greater precision, it is surprising that the ROC analysis failed to find the K10 to be more accurate than the K6 in discriminating between DSM-IV cases and non-cases. This presumably reflects the fact that the more subtle assessment of distress in the K10 than the K6 is not related to categorical diagnoses.
Scoring
As noted above in the section on scoring, K10 and K6 scoring can be carried out either by using optimal maximum-likelihood estimation from a target survey or by summing the sensitivities for endorsed items obtained from an IRT model estimated in a baseline survey. We recognize that re-estimating the IRT item parameters to generate sample-specific optimal scoring or using IRT parameter estimates from a reference sample to generate ML estimates in a new sample is much more complicated than using the informal unweighted summative scoring approach that is conventional in scoring screening scales (i.e. assigning one point on a scale for each item endorsed or, in the case of five-point scales, assigning between 1 and 5 points, and then summing). However, IRTbased scoring by summation of sensitivities of endorsed items estimated in a reference sample is an easy-to-use alternative that substantially increases the precision of the scale in comparison to unweighted summation.
In order to standardize the use of the sensitivity summation scoring method across many different populations and samples, the K10 and K6 were included in the WHO World Mental Health (WMH) surveys (Kessler & U = stu$ n, 2000), a series of representative community surveys currently underway in 26 countries around the world that will have a combined sample of over 200 000 respondents. The K10 and K6 severity parameter estimates obtained in the WMH surveys will be archived as soon as WMH data are available to serve as the official item weights for scoring the K10 and K6. These item weights will be archived at the URL http :\\www.hcp.med.harvard.edu\ncs\ under the heading ' Scoring the K10 and K6 '.
Internationally valid K10 and K6 calibration rules will also be generated from the WMH survey data and made available for translating screening scale scores into predicted probabilities of various clinically significant outcomes (e.g. any DSM disorder, any ICD disorder, any serious disorder, etc.). Although preliminary rules of this sort can be derived from the ROC curves presented here, it will be possible to develop much more precise rules to predict a greater variety of clinical outcomes from the WMH data. WMH respondents are being administered the WHO Composite International Diagnostic Interview (CIDI) (WHO, 1997), a fully structured research diagnostic interview that generates diagnoses according to the definitions and criteria of both the ICD-10 and DSM-IV diagnostic systems, and the WHO Disability Assessment Schedule (WHO-DAS) (Rehm et al. 1999) , a fully structured instrument designed to assess the extent of impairment associated with physical and mental disorders. In addition, probability subsamples of respondents in a number of WMH surveys are participating in clinical reappraisal survey in which they are being administered a SCID by trained clinical interviewers. A wide range of clinical outcomes will be generated from these interviews for purposes of calibrating the K10 and K6. Calibration rules based on these data that take into consideration the impact of population prevalence on conditional probabilities of clinical outcomes (Furukawa et al. 2002) will be posted on the website mentioned above as soon as the WMH data are analysed.
Other uses of the K10 and K6
In addition to their use in trend surveys, the good results regarding precision of the K10 and K6 suggest that they would be very useful broad-gauged screening scales for mental illness in health risk appraisal surveys and primary care screening batteries. The fact that they can easily and quickly be either self-administered or interviewer-administered in 2-3 min is an important attraction here. In addition, the K10 and K6 might be useful secondary outcomes in clinical studies, as they sensitively measure the severity of non-specific distress in the range likely to be found in clinical samples. Such dimensional assessments of non-specific distress could be useful complements to the dimensional assessments of non-specific impairment, such as the GAF, that are often included in clinical studies. In addition, the inclusion of the K10 or K6 in clinical studies would provide a useful crosswalk between clinical research and community epidemiological research by allowing a comparison of the severity distribution of non-specific distress among community cases versus clinical cases. The absence of such comparative data has restricted our ability to interpret the clinical significance of categorical prevalence estimates in community epidemiological studies up to now. The inclusion of identical short dimensional assessments, like the K10 and K6, in both clinical and community studies would be an important step in the direction of addressing this important problem.
